POLITECNICO DI TORINO
Repository ISTITUZIONALE

Impact of Burst Traffic in Upstream Converged Coherent Metro-Access Networks

Original

Impact of Burst Traffic in Upstream Converged Coherent Metro-Access Networks / Al Zoubi, S., Rizzelli, G., Gaudino, R..
- (In corso di stampa). (2026 European Conference on Optical Communications (ECOC) Malaga (Spa) 20-24 September
2026).

Availability:
This version is available at: 11583/3013799 since: 2026-07-31T11:49:58Z

Publisher:
IEEE

Published
DOI:

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright
IEEE postprint/Author's Accepted Manuscript

©9999 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

21 September 2026



Impact of Burst Traffic in Upstream Converged Coherent
Metro-Access Networks

S. Alzoubi, G. Rizzelli®, and R. Gaudino™

() Dipartimento di Elettronica e Telecomunicazioni (DET), Politecnico di Torino, Torino, ltaly
(2 Photonext Center, Politecnico di Torino, Torino, Italy safana.alzoubi@polito.it

Abstract For future all-optical metro-access networks using PON upstream burst mode transmission,
we experimentally investigate on the resulting EDFAs gain transient and its impact on the “reqular” DWDM
coherent metro wavelengths, focusing specifically on typical 125 microsecond frame time-constants and

evaluating the post-FEC OSNR penalty. ©2026 The Author(s)

Introduction

Several recent research works [1-7] have inves-
tigated future architectures for all-optical conver-
gence between metro and access, analyzing sev-
eral transmission and network aspects, usually in
the framework of coherent transmission also in
the PON access. When and if this new vision is
implemented, the resulting future DWDM metro
will thus carry both "traditional” metro coherent
Ametro @and some "access" A\pon that can be bursty
in the upstream (US) direction. In this paper, we
experimentally investigate an US scenario where
Apon are transmitted in TDMA burst mode us-
ing a 125 us frame (as in any PON standards
so far) and, after traversing the PON US path,
are all-optically routed towards an EDFA-ampilified
metro segment and merged with regular DWDM
metro AnetroS. We focus specifically on estimating
the bursty Apon impact on the coherent continu-
0US Ametro due to the gain time-transient arising
in EDFAs. While EDFA gain transients in burst
mode were already investigated in the past in sev-
eral scenarios [8—10], our paper novelty is in fo-
cusing specifically on a situation in which most
As are continuous, while only a few are in burst
mode and with typical PON sparsely and randomly
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loaded 125 pus time frames. We provide prelimi-
nary guidelines identifying conditions giving neg-
ligible penalty on Ayetro, demonstrating feasible
mixed traffic coexistence in the metro segment, as
well as conditions that significantly degrade perfor-
mance on Aetro. Since EDFA transients induced
by Apon random burst traffic are non-stationary,
we also show that pre-FEC BER is not a reliable
metric for OSNR penalty estimation; thus, we rely
on post-FEC metrics.

Experimental Setup and Results

The analyzed US metro+PON scenario is shown
in Fig. 1(a), where US bursty PON and con-
tinuous metro As are coupled into an EDFA in
the metro segment. To investigate the impact
of bursty US PON transmission, two configura-
tions are considered: (a) a single metro channel,
and (b) a 16-channel DWDM system including
one Apon- In the single-channel setup, commer-
cial coherent transceivers are employed to trans-
mit at 69.4 GBaud (400 Gbps PM-16QAM with
27% FECoverhead). One transceiver generates
the channel under test (CUT), corresponding to
the continuous Anetro, While the second is the
bursty Apon. The latter is modulated through
an acousto optic modulator (AOM) controlled by
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Fig. 1: Experimental configuration of upstream converged metro and PON considering single-channel and DWDM. (b) DWDM
optical spectrum. (c) Pre-FEC BER as a function of OSNR under various burst patterns. Time-domain representations of (d) a
periodic pulse (PP), (e) random burst (R-BR), and (f) random frame (R-FR) generated waveforms for upstream PON transmission.
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Fig. 2: Number of uncorrected FEC blocks versus OSNR for (a) a burst power of approximately -10 dBm across different periodic
pulses (width/period), and (b) a periodic pulse of 60/125 us at multiple burst power levels alongside a random burst (R-BR)
waveform at -10.41 dBm. (c) OSNR penalty as a function of burst power for various burst patterns.

an arbitrary waveform generator (AWG). At the
input of the EDFA, the average optical power
Pg on Apon Within the burst is computed based
on the measured average power and the duty
cycle Ton/Tiotar Of the burst signal such that
PgBm = pdBm _ 10 .log;(Ton/Ttotal)- The CUT
transceiver has an average transmitted optical
power of 5 dBm, attenuated by a VOA to set the
CUT power at the EDFA input to -20 dBm, which
is kept constant throughout the experiments. The
signal is then amplified by the EDFA operated at
constant optical gain=20 dB to achieve 0 dBm per
Ametro at the fiber input (a typical value for metro).
Amplified spontaneous emission (ASE) noise is
generated around the CUT channel, filtered, am-
plified, adjusted through a VOA and then coupled
with the signal to vary the CUT OSNR . Finally, the
signal is optically filtered, received, and BER and
post-FEC uncorrected blocks count are measured.
In the DWDM setup, a DWDM comb source (ASE
noise shaped by a Finisar 1000S Waveshaper) is
used to generate 14 dummy channels emulating
metro As aligned with the ITU-T 100 GHz grid, as
shown in Fig. 1(b). These are then coupled with
the CUT and )\PON-

By properly programming the AWG, we evalu-
ated several traffic patterns on Apon to emulate
real PON system behavior. First, we considered a
periodic pulse (PP) condition, defined by a spec-
ified width and periodically repeated according
to the width/period ratio. Timing was analyzed
at both the burst level (e.g., Ton = 60 us every
Tror = 125 us as depicted in Fig. 1(d)), and the
PON frame level, where the width corresponds to
a full 125 us frame repeated every 250 us (two
frames) or 500 us (four frames). A random burst
(R-BR) waveform was also defined, consisting of
a repeated four-frame structure with each frame
containing bursts with random duration between
2 and 8 us, separated by a fixed inter-burst gap
of 0.2 us, for a total 60 us active transmission per
125 us frame, followed by no transmission for the
remainder of the frame (see Fig. 1(e)). This pat-
tern is used to assess the impact of PON-like short
inter-burst gaps and to validate the use of the PP
approximation. Finally, we considered a random

frame (R-FR) pattern over 1048 frames, shown in
Fig. 1(f), where each frame is assigned a random
transmission width, ranging from 0 to a maximum
of 124 us per frame.

We first measure the average pre-FEC BER on
the CUT channel vs. OSNR (over a bandwidth
equal to the baud rate), as shown in Fig. 1c. We
consider the single-channel setup with PPs de-
fined by different width/period ratios and a burst
power of Pz ~ —10 dBm. The reference case
corresponds to the burst channel being off. The
results for a 2/125 us burst overlap with the no-
burst reference, whereas burst of 30, 60, and
100/125 us induce negligible penalty. However,
increasing the pulse width and period to 125/250,
representing frame-level timing, results in a pre-
FEC BER penalty below 1 dB at a BER of 2 x 1072.
This increased penalty can be attributed to EDFA
transient response, as the burst duration is longer,
so that the EDFA gain dynamically and nonlinearly
responds to input power changes.

The impact of burst patterns on the number of
post-FEC uncorrected blocks (measured over 1
minute) vs. OSNR is then shown in Fig. 2(a), for
the same PP timings and a burst power of approx-
imately -10 dBm. Post-FEC metrics clearly show
deviation from the burst-off reference even for the
shortest 2 us burst, increasing with burst width for
30 and 60 us, before reducing for 100/125 us when
the burst duration approaches the frame duration
and thus the Apon transmission approximates a
continuous mode without EDFA transients. The
required OSNR to achieve zero uncorrected FEC
blocks further increases for frame-level timings
of 125/250 and 125/500 us, consistent with the
longer transmission/idle durations. Figure 2(b) il-
lustrates the burst power Py impact on the number
of post-FEC errors versus OSNR for a PP burst of
60/125 us. Increasing Pg leads to a higher num-
ber of uncorrected blocks, and the required OSNR
to achieve zero FEC errors increases by about
0.4 dB even when the Apox Pg is comparable to
that of the Ayetro- Additionally, the post-FEC uncor-
rected blocks are plotted for an R-BR pattern with
an active transmission of 60/125 us and a burst
power of -10.41 dBm. The result closely follows
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Fig. 3: Number of uncorrected FEC blocks as a function of OSNR in a DWDM configuration for (a) a burst power of approximately
-10 dBm across various burst patterns of periodic pulse (width/period), and (b) random frames waveform for several burst power
levels. (c) OSNR penalty as a function of burst power for different burst patterns in DWDM configuration.

that of the 60/125 us PP case, demonstrating that
the short inter-burst gap has a negligible impact
and that random short bursts generate the same
penalty as in the full PP case.

The measured OSNR penalty is shown in
Fig. 2(c) as a function of the burst power for various
PP timings. The OSNR penalty is defined as the
OSNR difference to achieve zero uncorrected FEC
blocks relative to the reference burst-off condition.
The penalty increases for increasing Pz across
all patterns. For PP width/period such as 2/125
and 100/125 us, the penalty remains below 1 dB
even at very high burst powers of -10 dBm, which
is 10 dB higher than the -20 dBm CUT power. For
PPs of 30/125 and 60/125 us, the penalty reaches
approximately 1 dB when the burst power exceeds
the CUT power by 5 dB. In the extreme cases of
125/250 and 125/500 us, the penalty increases
further, reaching up to 3 and 4 dB, respectively, at
a burst power of -10 dBm.

We also evaluate the impact of EDFA transients
in the presence of several DWDM Ms. Fig. 3(a)
illustrates the post-FEC uncorrected blocks count
vs. OSNR for various PP timings and Pz=-10 dBm.
Similar to the single-channel case, the bursty Apon
degrades the continuous Anetro performance, with
the impact determined by the PP width/period du-
rations. However, in contrast to the single-\ case,
the degradation remains below 1 dB even for the
125/500 ps timing. In Fig. 3(b), we study the im-
pact of the previously described R-FR pattern for
different Pz vs. OSNR, emulating realistic PON-
like traffic. For burst powers comparable to the
CUT power, the performance degradation is lim-
ited, but it increases at higher Pg. This is further
illustrated by the OSNR penalty shown in Fig. 3(c)
vs. Pg for various PP timings and the R-FR pattern.
The 125/500 us case exhibits the highest penalty,
reaching about 1 dB for Pg=-10 dBm, whereas the
R-FR penalty falls between that of the 60/125 us
and 125/500 us cases, ranging from 0.2 to 1 dB
depending on Pg. This R-FR penalty can be at-
tributed to the random frames structure, which re-
sults in alternating periods of fully active, partially
active, and idle frames. Transitions between trans-
mission/idle induce EDFA gain transients, leading

to post-FEC errors, while consecutive fully active
or fully idle frames allow the EDFA gain to stabilize,
resulting in lower errors. The overall impact results
therefore in an intermediate penalty compared to
deterministic PP patterns. Finally, the maximum
OSNR penalty in the DWDM configuration is about
1 dB, compared to up to 4 dB in the single-)\ case
under similar conditions.

Conclusions

The impact of bursty upstream PON traffic on co-
herent metro channels was investigated across a
range of PON-like traffic patterns and power lev-
els. Our findings show that short bursts and short
inter-burst gaps introduce limited penalty, while
longer transmission/idle durations result in perfor-
mance degradation. The effect is not evident in
the pre-FEC BER but emerges in post-FEC met-
rics, consistently with the non-stationary nature
of the EDFA gain transients. In the DWDM con-
figuration, the OSNR penalty remains within ap-
proximately 1 dB depending on the burst power,
whereas in a single metro channel scenario, it can
reach 4 dB under high burst power and long trans-
mission/idle durations. Although loud—soft PON
dynamics were not experimentally verified, we any-
way span a large range of Py values. Loud-soft
conditions are expected to exhibit similar behav-
ior to the transmission/idle case, where the idle
state represent the soft level and the loud level the
considered Py values.

In conclusion, Fig. 3(c) demonstrates that in
the tested conditions, post-FEC OSNR penalty
on DWDM metro As can be kept low (below
0.2 dB) for most Apon burst patterns and up to
Pg < —18 dBm at EDFA input, while for higher
Pg the penalty increases significantly. Our work is
intentionally meant as a preliminary assessment,
showing for instance that average BER is not a
proper metric, but post-FEC metrics should be
used.

Further work should focus on EDFAs cascades,
on more general PON upstream traffic patterns
and/or on partial modification to the PON US Dy-
namic Bandwidth Allocation (DBA) algorithm to
ensure a stationary US frame load over the EDFA
typical Erbium intrinsic time constant (i.e. ms [9]).
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